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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an electron 
injection electrode with high efficiency by selecting a 
fluoride layer so that two layers are operated as an 
electron injection contact and two layers provide 
stability to air corrosion. 

SOLUTION: An EL device 10 has a substrate 11, a hole 
injection electrode 13, an organic EL layer 15, and an 
electron injection electrode 17 in order. The electron 
injection electrode 17 contains a fluoride layer 17a and a 
conductive overlay layer 1 7b. The substrate 1 1 is a glass 
substrate. When the electrode 13 is biassed in positive, 
the electrode 13 injects holes in the organic EL layer 15. 
The electrode 13 is an optically transparent conducting 
oxide layer or a thin metal layer in order that light is 
allowed to cross the organic EL layer 1 5 and the 
substrate 11. The organic EL layer 15 has a monolayer 
operating as a light emitting unit or a multilayer 
containing a light emitting layer and a carrier confining 
layer. When the electron injecting electrode 17 is biassed 

in negative, the electrode 17 injects electrons in the organic EL layer 15. The electron injection 
electrode 17 contains a thin layer 17a and a thick layer 17b. The fluoride is selected from alkali 
fluorides and alkali earth fluorides. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the electroluminescence device with which it becomes an anode plate and an 
electroluminescence layer from cathode, and this cathode has two-layer structure, and is a. A fluoride 
layer in contact with an electroluminescence layer; 

b) It consists of a conductive layer in contact with this fluoride layer, and is c. Thickness of a fluoride 
layer is an electroluminescence device chosen so that stability [ as opposed to / two-layer operates as 
electron injection contact, and / atmospheric corrosion in two-layer ] may be offered. 
[Claim 2] Having cathode in contact with a substrate, a transparent conductive hole impregnation anode 
plate, an organic electroluminescence layer, and an organic electroluminescence layer in order, cathode 
is :a. A fluoride layer in contact with an organic layer; 

b) It consists of a conductive overcoat layer covering a fluoride layer, and is c. Thickness of a fluoride 
layer is an electroluminescence device chosen so that stability [ as opposed to / two-layer operates as 
electron injection contact, and / atmospheric corrosion in two-layer ] may be offered. 
[Claim 3] A two-layer electrode and; organic electroluminescence layer containing a single crystal 
semiconductor substrate, a conductive layer on a substrate, and an overlay fluoride layer of thickness of 
the range of 0.3 to 5.0nm; an electroluminescence device which consists of a hole impregnation 
transparent electrode which has a work function of a larger value than 4.1eV. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] The United States Patent applications 08/681565 for which the United States Patent applications 
08/681734, "Transparent Electron Injecting-Elctrode for Use in an Electroluminescent Device", Hung, 
etc. for which it applied to coincidence by the cross-reference Hung of related application etc. applied to 
coincidence, and the indication of "Bilayer Electrode on a N-type Semiconductor" are quoted as 
reference. 
[0002] 

[The technical field to which invention belongs] This invention relates to the especially efficient bilayer 
electron injection electrode used with the organic LED device used with electroluminescence structure. 
[0003] 

[Description of the Prior Art] Big interests have gathered for use of the organic material to manufacture 
of a light emitting diode (LED) or an electroluminescence (EL) device. In order to pour an electron into 
an organic material so that the best device engine performance may be attained, it is desirable to use the 
material which has a low work function. However, the metal which has a low work function always 
receives oxidation by atmospheric air. For example, Mg has a 3.7eV work function and is the good 
candidate of an electronic injector. Although the alloy like MgAg is generally used with organic 
electroluminescence equipment, they are lacking in corrosion resistance. Two-layer cathode has been 
used with the thin lithium-aluminum layer of the next door of an electronic transition organic layer and a 
thin aluminum outside layer. However, a lithium reacts with moisture, forms a lithium hydroxide as 
known well again, reacts with a carbon dioxide and forms a lithium carbonate. 

[0004] It is desirable to manufacture the active addressing display panel contained on the semiconductor 
substrate with which the array of an organic device contains a driver electronic device and a pixel 
switching element to the application to an indicator. Since the light emission through a substrate has the 
opaque substrate when a semiconductor wafer like Si is used as a substrate, it is prevented. Therefore, 
surface emission, i.e., emission, separates from a substrate, and the organic EL panel manufactured on 
these substrates needs to be oriented. The electrode on EL device is light transmission nature, and, as for 
this configuration, a lower electrode needs to suit with a substrate. The usual light transmission nature 
electrodes are an indium stannic acid ghost (ITO) and the thin metal layer of Au. The metal which has a 
low work function by having upwards by using the material of these high work functions as a hole 
injector needs to form the electrode of the bottom which makes electron injection. However, a 
semiconductor substrate is adjoined, and the material of a low work function is whether it has Si and 
high reactivity or to act as an early diffusion kind, and influences the device engine performance 
potentially thus. Therefore, it is needed in order that new materials other than the material of a low work 
function may manufacture Si substrate and the stable electron injection electrode with which it suits. 
[0005] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is to offer the efficient electron 

injection electrode for electroluminescence devices. 

[0006] 
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[Means for Solving the Problem] This purpose serves as an anode plate and an electroluminescence 
layer from cathode, this cathode has two-layer structure, and it is :a. Fluoride layer in contact with an 
electroluminescence layer; 

b) It consists of a conductive layer in contact with a fluoride layer, and is c. It is attained by 
electroluminescence device by which thickness of a fluoride layer is chosen so that two-layer may 
operate as electron injection contact and two-layer may offer stability over atmospheric corrosion. 
[0007] When especially this invention is carried out with an organic electroluminescence device, the 
device has an electron injection electrode in contact with a substrate, a transparent conductive hole 
impregnation anode plate, an organic electroluminescence layer, and an organic electroluminescence 
layer, and an electron injection electrode is :a. Fluoride layer in contact with an organic 
electroluminescence layer; 

b) It consists of a conductive layer in contact with a fluoride layer, and is c. It is chosen so that two-layer 
may operate as electron injection contact and thickness of a fluoride layer may offer stability [ as 
opposed to atmospheric corrosion in two-layer ]. 
[0008] 

[Embodiment of the Invention] With reference to drawing 1 , the EL device 10 by this invention has a 
substrate 1 1, the hole impregnation electrode 13, the organic layer structure 15, and the electron 
injection electrode 17 in order. The top electrode contains fluoride layer 17a and conductive overlay 
layer 17b. A substrate 1 1 is a glass substrate. It is covered with the layer of raise in basic wages or 
polycrystalline silicon. Some substrates are used as a substrate 1 1 to EL device, and the remainder of the 
wafer by which the polycrystalline silicon coat was carried out by one side is processed in order to form 
a driver, a switch, or other electron devices, and it is sold at a certain application. 
[0009] The hole impregnation electrode 13 injects a hole into an organic electroluminescence layer, 
when bias of this electrode is just carried out. Since it permits that light crosses this layer and substrate, 
it is either an optical sufficiently transparent conductive oxide or a thin metal layer. A suitable metallic 
oxide contains the zinc oxide which had an indium stannic acid ghost, aluminum, or an indium doped, 
tin oxide, a magnesium-indium oxide, and a cadmium-stannic acid ghost. A suitable metal contains 
gold, silver, nickel, palladium, and platinum. A desirable metallic oxide and a desirable metal are 
deposited by evaporation, sputtering, laser ablation, and chemical vacuum deposition. The thickness of 
the range of 50 to lOOOnm is useful as hole transfer pipet to a metallic-oxide layer, it is 100 to 500nm 
preferably, the thickness of the range of 5 to 50nm is useful to; metal layer, and it is 10 to 30nm 
preferably. 

[0010] The organic layer structure 15 has either of the multilayer structure containing the monolayer or 
the light emission, and the carrier ****** layer (confinement) which operate as a light emission 
machine. For example, useful structure contains a diamine layer and the Alq layer doped or doped. 
Conjugation polymer;PPV copolymer; derivative; Pori (3-alkyl thiophene); Pori (3-octyl thiophene); 
Pori [ like Pori (PARAFENIREMBINIREN) (PPV) ] whose suitable materials of other used for light 
emission machines are (PARAFENIREN); the mixture within a fluorochrome which is indicated by 
United States Patent 5294869th quoted as reference here and No. 5151629, pigments, or those 
polymerization binders is included. The organic layer structure 15 is adjusted by heat evaporation or 
spin coating from a solution. 

[001 1] The electron injection electrode 17 pours an electron into organic electroluminescence, when bias 
of the electrode is carried out to negative. It contains thin fluoride layer 17a and thick conductive 
overlay layer 17b. A fluoride is chosen from the group of an alkali fluoride and an alkaline earth fluoride 
for Examples 1 and 2 indicated by this invention. The layer of a conductive outside is chosen from the 
group of a metallic element, an alloy, and other conductive materials. 

[0012] With reference to drawing 2 , the EL device 20 of this invention has a substrate 21, the electron 
injection electrode 23, the organic layer structure 25, and the hole impregnation electrode 27 in order. 
The electron injection electrode 23 contains fluoride layer 23a and conductive layer 23b. A substrate 21 
is a single crystal semiconductor substrate chosen from the group which consists of Si, germanium, 
GaAs, GaP and GaN, GaSb, InAs, InP, InSb, or A1X Gal-X As, and x is 0 to 1 here. Although doped by 
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the doped seriousness which was doped slightly, a substrate 21 is either and it deals in it. A substrate 21 
is covered in the layer of a dielectric material like raise in basic wages, Si oxide, or one of Si CHITSU 
ghosts. Some semiconductors are used as a substrate 21 for electroluminescence device 20, and on the 
other hand, the remainder of a semiconductor wafer is processed in order to form a driver, a switch, or 
other electronic instruments, and it is sold at a certain application. 

[0013] The good stability over oxidation of the atmospheric air of the electron injection electrode 23 is 
compatible with a substrate 21 and an interaction not being shown. Two-layer contains thin fluoride 
layer 23a and thick conductive layer 23b. A fluoride being chosen from the group of an alkali fluoride 
and an alkaline earth fluoride, and dealing in Examples 1 and 2 indicated by this invention is shown. A 
conductive layer is chosen from the group of a metallic element, a metal alloy, and a conductive 
material, and it deals in it. 

[0014] According to this invention, the thickness of a fluoride layer is 0.3 to 5.0nm, and is 0.5 to l.Onm 
preferably. When thickness is 0.3nm or less, a fluoride layer does not become continuously, therefore 
the electron injection effectiveness to the organic electroluminescence layer decreases. When thickness 
is 5.0nm or more, the current impressed to the organic layer through two-layer decreases. The range of 
the thickness of a useful conductive layer is 10 to lOOOnm, and is 50 to 500nm preferably. The electron 
injection electrode 23 is deposited with the means of evaporation, sputtering, laser ablation, and the 
conventional technology of many like chemical vacuum deposition, and it deals in it. 
[0015] The organic layer structure 25 has either of the multilayer structure including the monolayer or 
the light emission, and the carrier confining layer which operate as a light emission machine. The 
presentation of this layer is similar to being indicated to the organic layer 15 of drawing 1 . The electron 
injection electrode 27 is either a transparence conductivity oxide or a thin metal layer, therefore it 
permits emitting light from the upper surface. A suitable metallic oxide contains the zinc oxide which 
had an indium stannic acid ghost, aluminum, or an indium doped, tin oxide, a magnesium-indium oxide, 
and a cadmium-stannic acid ghost. A material must have a bigger work function than 4.2eV highly 
[ again ], in order to offer efficient hole impregnation. A suitable metal contains gold, silver, nickel, 
palladium, and platinum. It is required in order that a transparent capsule layer may protect a thin metal 
and an organic electroluminescence layer from moisture, when a thin metal layer is used as a hole 
injector. A desirable metallic oxide and a desirable metal are deposited by evaporation, sputtering, laser 
ablation, and chemical vacuum deposition. The thickness of the range of 50 to lOOOnm is useful to a 
metallic-oxide layer, it is 100 to 500nm preferably, the thickness of the range of 5 to 50nm is useful to; 
metal layer, and it is 10 to 30nm preferably. 
[0016] 

[Example] The following examples are the things for the further understanding of this invention. 
The organic electroluminescence device with which are satisfied of the demand of example 1 this 
invention is :a manufactured by the following methods. It was ultrasonicated with the commercial 
surface active agent, and it is deionization water, rinsed, and was degreased with the toluene steam, and 
the transparence anode plate to which the indium stannic acid ghost was applied was contacted by the 
strong oxidizer. 

[0017] b) The CuPc layer of 15nm thickness was deposited on the anode plate. 

c) The hole migration NPB layer of 60nm thickness was deposited on the CuPc layer. 

d) The electronic transition Alq layer of 75nm thickness was deposited on the NPB layer. 

e) The lithium fluoride layer of 0.5nm thickness deposited on the Alq layer. 

f) The aluminum layer of 120nm thickness deposited on the LiF layer. 

All the materials were prepared by heat evaporation from the boat of a tantalum. 

Example 2 ~ the same material and the same processing process were used for the lithium fluoride layer 
so that it might be indicated by Example 1 except for having been transposed to the magnesium fluoride 
layer or the calcium- fluoride layer. An example of <U> 3 organic-electroluminescence device is :a 
manufactured by the following methods. It was ultrasonicated with the commercial surface active agent, 
and it is deionization water, rinsed, and was degreased with the toluene steam, and the transparence 
anode plate to which the indium stannic acid ghost was applied was contacted by the strong oxidizer. 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



2/6/2004 



Page 4 of 4 



[0018] b) The CuPc layer of 15nm thickness was deposited on the anode plate. 

c) The hole migration NPB layer of 60nm thickness was deposited on the CuPc layer. 

d) The electronic transition Alq layer of 75nm thickness was deposited on the NPB layer. 

e) The aluminum layer of 120nm thickness deposited on the Alq layer. 

All the materials were prepared by heat evaporation from the boat of a tantalum. 
Example 4 — the same material and the same processing process were used [ the atomic ratio ] for the 
aluminum layer so that it might be indicated by Example 3 except for having been transposed to the 
MgAg layer of 200nm thickness which is Mg: Ag=9: 1 . 

[0019] In order to determine the property of voltage / current and current / optical pumping, 
electropositive potential is impressed to all devices in an anode plate, cathode is grounded and 
measured, and the result is summarized by drawing 3 . Horizontal axes are 0.1 mW/cm2 by plot. The 
driver voltage for generating an optical output is shown, and an axis of ordinate shows 
electroluminescence effectiveness. The devices which have an aluminum anode plate are 0.1 mW/cm2. 
Since an optical output is generated, the driver voltage of about 12 V is needed, and this is more 
substantially [ than that of a device which has a MgAg anode plate ] high. Generating of higher driver 
voltage reduces EL effectiveness. The work function (4.3eV) of aluminum depends a difference on it 
being larger than that (3.7eV) of Mg. However, the device engine performance in aluminum anode plate 
is dramatically improved by the surprising thing by infixing the monolayer of LiF of one to 2, MgF2, or 
CaF2 between Alq and aluminum. For example, driver voltage decreases to 7.4V with a two-layer 
cathode (aluminum/LiF), and EL effectiveness is 0.028 mW/cm2. It increases. A result is [ using a 
MgAg anode plate rather than ] far good. 

[0020] Although this invention has been explained to details especially with reference to the desirable 
example, modification and amelioration are effective at the pneuma of this invention, and within the 
limits. 
[0021] 

[Effect of the Invention] Both evaporating both Mg and Ag (coevaporation), lithium oxide, and the 
aluminum of sequential deposition were used in order to form a criteria anode plate. MgAg is sensitive 
to oxidation and inferior to the corrosion resistance by the interaction of a direct current. A lithium 
reacts with moisture and a carbon dioxide, and forms a lithium hydroxide or a lithium carbonate. By 
contrast, alkali and an alkaline-earth-metal fluoride are very stable, and the reaction with almost all 
material is prevented thermodynamically. 

[0022] Lithium fluoride is the outstanding insulating material. That is because it has the 12eV maximum 
bandgap energy between an oxide and a fluoride. However, with the gestalt of the very thin film (dozens 
of A) backed by the metal layer with suitable lithium fluoride, it is indicated by this invention that it is 
an efficient electronic injector. The light emitting diode which has the indicated cathode shows low 
operating voltage and the high device effectiveness in low current density. 



[Translation done.] 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 11 
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[Drawing 2] 
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[Drawing 3] 
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